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via hole and capacitor using the composition; a method 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a cleaning composition for use in the process of producing a senniconductor 
Specifically the invention relates to a composition which can be used in cleaning a metal gate, a contact hole, a via 
hole a capacitor or the like, in removing a polymer derived from a resist and in cleaning after CMP. More specifically, 
the invention relates to a cleaning composition which can be suitably used in producing a semiconductor device or a 
liquid crystal panel device such as IC, LSI or the lll^e. 

BACKGROUND AFTT 

[0002] Conventionally poly-Si has been used as a material for a gate electrode in a semiconductor device. With 
microminiaturization, there is a possibility of using tungsten, copper, aluminum or like metals as a material for a gate 
electrode. Now SPM (H2SO4-H2O2-H2O), APM (NH4OH-H2O2-H2O), HPM(HC1-H202-H20). DHF(HF-H20), etc. are 
used as a cleaning composition forcleaning a gate, acontact hole, a capacitor orthe like. However, these compositions 
easily corrode metals so that there is a demand for a cleaning composition which is unlikely to corrode metals and 
which can remove a polymer derived from a resist, a native oxide and the like. 

[0003] When a semiconductor device or a liquid crystal panel device such as IC or LSI is produced, the following 
steps are carried out A photo-resist is uniformly applied to a film of electroconductive metal such as aluminum, copper, 
aluminum-copper alloy or the like or to an insulating film such as Si02 film, each fomned on a substrate. Then a resist 
pattern is formed by lithography technique, and the electroconductive metal film or the insulating film is selectively 
etched After etching, a residual resist is removed by ashing, by polymer removing composition and the like. 
[0004] Known polymer-removing compositions include, for example, those comprising an aqueous solution of a flu- 
oride salt a water-soluble organic solvent such as DMF, DMSO or the like and optionally hydrofluoric acid as disclosed 
in Japanese Unexamined Patent Publications No.197681/1 997 and No.47401/2000. However, It is difficult for a poly- 
mer-removing composition to satisfy two requirements, i.e. a low property of corroding a metal and a high ability of 
removing a polymer Thus, conventional polymer-removing compositions remain to be improved in the balance of the 

two requirements. , . ^. . , . 

[0005] With increased complexity of element structure of IC and progress of multi-level interconnection, single da- 
mascene or dual damascene process is carried out in formation of interconnection. The damascene process includes 
polishing (CMP- Chemical Mechanical Polishing) a surface of the article using an abrasive so that numerous particles 
derived from the abrasive adhere to the surface of the article after damascene process, and particles may become 
lodged in the surface of the film during polishing. After conventional CMP of oxide film, the article is cleaned with a 
brush using a cleaning composition such as DHFinF-HjO), APM (NH4OH-H2O2-H2O) or the like. However, metals 
such as Al, Al-Cu, Cu or TiN exist on the surface of the article in damascene process. Thus the above-mentioned 
cleaning composition is difficult to use because the composition is likely to corrode the metal surface. 

DISCLOSURE OF THE INVENTION 

[0006] An object of the present invention is to provide a cleaning composition which shows a low property of corroding 
metals and an ability of removing a polymer, a native oxide and the like and which is usable for cleaning a metal gate, 
a contact hole, a via hole, a capacitor or the like. 

[0007] Another object of the invention Is to provide a polymer-removing composition which can be suitably used in 
producing a semiconductor device or a liquid ciystal panel devtee such as IC or LSI and which shows a low property 
of corroding a metal and a high capacity of removing a polymer. 

[0008] A further object of the invention is to provide a cleaning composition which can remove slurry particles from 
the surface of an article after CMP in single damascene and dual damascene process and which shows a low property 
of con-oding metals or substrates of Al, Al-Cu, Cu, TIN and the like which are likely to corrode. 
[0009] The present invention includes the subject matters defined in the following items. 

Item 1 . A cleaning composition comprising (1) at least one of fluoride salts and hydrogendifluoride salts; (2) an 
organic solvent having a hetero atom or atoms; and (3) water 

Item 2 The cleaning composition according to item 1 , wherein at least one of fluoride salts and hydrogendifluonde 
salts is formed from hydrofluoric acid and at least one member selected from the group consisting of ammonia, 
hydroxylamines aliphatic amines, aromatic amines and aliphatic or aromatic quaternary ammonium salts. 
Item 3 The cleaning composition according to item 1 , wherein (2) the organic solvent having a hetero atom or 
atoms is at least one member selected from the group consisting of N.N-dimethylformamide. N.N-dimethylaceta- 
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mide, dimethylsulf oxide, N-methyl-2-pyrTolidone, 1 ,3-dimethyl-2-imida2olidinone; methanol, ethanol, isopropyl al- 
cohol (IPA), 1-propanol, 1-butanol, 2-butanoi, t-butanoi, 2-methyl-1-propanol. 1-pentanol. 1-hexanol, 1-heptanol, 
4-heptanol, 1-octanol, 1-nonylalcohol, 1-decanol, 1 -dodecanol and like alcohols; ethylene glycol, 1 ,2-propanediol, 
propylene glycol. 2,3-butanediol. glycerin and like polyols; acetone, acetylacetone, methyl ethyl ketone and like 
5 ketones; acetonitrile, propionitrile, butyronitrile, isobutyronitrile: benzonitrile and like nitriles; fomnaldehyde, acetal- 

dehyde, propionaldehyde and like aldehydes; ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, 
diethylene glycol monobutyl ether and like alkylene glycol monoalkyi ethers; tetrahydroturan, dloxane and like 
cyclic ethers; trifluoroethanol, pentafluoropropanol, 2,2,3,3-tetrafluoropropanol and like fluoroalcohols; sulfolane 
and nitromethane, 

10 Item 4. The cleaning composition according to item 3, wherein (2) the organic solvent having a hetero atom or 

atoms is at least one oxygen-containing organic solvent selected from the group consisting of alcohols and ketones. 
Item 5. The cleaning composition according to item 4, wherein (2) the oxygen-containing organic solvent is at least 
one member selected from the group consisting of isopropyl alcohol, ethanol and methanol, and the concentration 
of water is 1 0% by mass or lower. 

15 Item 6. The cleaning composition according to item 4, wherein (2) the oxygen-containing organic solvent is acetone 

and the concentration of water Is 20 to 40% by mass. 

Item 7. The cleaning composition according to item 1, which comprises (1) a fluoride salt represented by NR4F 
(wherein Rs are the same or different and each is a straight-chain or branched-chain alkyi group of 1 to 1 2 cartDon 
atoms which may be substituted with a fluorine atom or atoms, a phenyl group which may be substituted with a 
20 fluorine atom or atoms, or a hydrogen atom) in a concentration of 1% by mass or lower and/or a hydrogendifluoride 

salt represented by NR4HF2 (wherein Rs are as defined above) in a concentration of 0.001 to 1% by mass; (3) 
water in a concentration of 1 0% by mass or lower; and (2) at least one member selected from the group consisting 
of isopropyl alcohol, ethanol and methanol as the remainder. 

Item 8. The cleaning composition according to item 1 , wherein a fluoride salt represented by NR^F (wherein Rs 
25 are the same or different and each is a straight-chain or branched-chain alkyI group of 1 to 12 cartDon atoms which 

may be substituted with a fluorine atom or atoms, a phenyl group which may be substituted with a fluorine atom 
or atoms, or a hydrogen atom) in a concentration of 1% by mass or lower and/or a hydrogendifluoride salt repre- 
sented by NR4HF2 (wherein R is as defined above) in a concentration of 0.001 to 1% by mass; (3) water in a 
concentration of 20 to 40% by mass; and (2) acetone as the remainder. 
30 Item 9. The cleaning composition according to item 1 , which further comprises (4) at least one member selected 

from the group consisting of an anionic surfactant, a cationic surfacatant. a nonionic surfactant and an amphoteric 
surfactant. 

Item 10. The cleaning composition according to item 9, wherein (4) the surfactant is an anionic surfactant. 
Item 1 1 . The cleaning composition according to item 1 0, wherein (4) the anionic surfactant has a sulfonic acid group. 
35 Item 1 2. The cleaning composition according to item 1 1 , wherein (4) the anionic surfactant is at least one member 

selected from the group consisting of a compound represented by CnHn,C6H3(S03H)Oph(S03H) (wherein ph is a 
phenylene group, n is an integer of 1 to 30 and m is an Integer of 3 to 61) and a metal salt, an ammonium salt, a 
primary amine salt, a secondary amine salt and a tertiary amine salt of the compound. 

Item 13. The cleaning composition according to item 11 , wherein (4) the anionic surfactant is at least one member 
40 selected from the group consisting of a compound represented by CnHmPh(S03H) (wherein ph is a phenylene 

group, n is an integer of 1 to 30 and m is an integer of 3 to 61) and a metal salt, an ammonium salt, a primary 
amine salt, a secondary amine salt and a tertiary amine salt of the compound. 

Item 1 4. The cleaning composition according to item 1 0, wherein the content of (4) the anionic surfactant is 0.001 
to 10% by mass. 

45 Item 1 5. The cleaning composition according to item 1 0. which comprises (1 ) a fluoride salt represented by NR4F 

(wherein Rs are the same or different and each Is a straight-chain or branched-chain alkyI group of 1 to 1 2 cariDon 
atoms which may be substituted with a fluorine atom or atoms, a phenyl group which may be substituted with a 
fluorine atom or atoms, or a hydrogen atom) in a concentration of 1 % by mass or lower and/or a hydrogendifluoride 
salt represented by NR4HF2 (wherein Rs are as defined above) in a concentration of 0.001 to 1% by mass; (3) 

50 water in a concentration of 60% by mass or lower; (4) an anionic surfactant in a concentration of 0.001 to 1 0% by 

mass and (2) at least one member selected from the group consisting of isopropyl alcohol, ethanol and methanol 
as the remainder. 

Item 1 6. The cleaning composition according to item 1 , which is characterized by use for cleaning at least one of 
a metal gate, a contact hole, a via hole and a capacitor. 
55 Item 17. The cleaning composition according to item 1, which is characterized by use for removing a residual 

polymer derived from a resist. 

Item 1 8. The cleaning composition according to Item 1 , which is characterized by use for cleaning after CMR 
Item 19. A method of cleaning a semiconductor substrate having at least one of a metal gate, a contact hole, a 
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via hole and a capacitor formed thereon using a composition comprising (1) at least one of fluoride salts and 
hydrogendifluoride salts; (2) an organic solvent having a hetero atom or atoms; and (3) water. 
Item 20. A method of removing a polymer derived from a resist remaining on an articio after etching or after ion 
implantation using a composition comprising (1) at least one of fluoride salts and hydrogendifluoride salts; (2) an 

5 organic solvent having a hetero atom or atoms; and (3) water. 

Item 21 . A method of producing a semiconductor device, comprising the steps of: fomning a resist pattern on a 
work layer consisting of an electroconductive layer on an insulating layer over a semiconductor substrate composed 
of silicon; fonning the work layer into a specified pattern by dry-etching using the resist as a mask; and cleaning 
the semiconductor substrate using a composition comprising (1 ) at least one of fluoride salts and hydrogendifluoride 

10 salts; (2) an organic solvent having a hetero atom or atoms; and (3) water. 

Item 22. A method of producing a semiconductor device, comprising the steps of: forming a specified pattern of 
an electroconductive layer over a semiconductor substrate composed of silicon; forming an insulating layer on the 
electroconductive layer; fomning a resist pattern on a work layer consisting of an insulating layer; fonning the work 
layer into a specified pattern by dry-etching using the resist as a mask; and cleaning the semiconductor substrate 

15 using a composition comprising (1 ) at least one of fluoride salts and hydrogendifluoride salts; (2) an organic solvent 

having a hetero atom or atoms; and (3) water. 

Item 23. A method of cleaning a treated surface after CMP treatment In a single damascene or dual damascene 
process, using a composition comprising (1) at least one of fluoride salts and hydrogendifluoride salts; (2) an 
organic solvent having a hetero atom or atoms; and (3) water. 
20 Item 24, A method of producing a semiconductor device, comprising the steps of: forming a work layer comprising 

an electroconductive layer and an insulating layer coexisting on one surface of a semiconductor substrate by a 
single damascene or dual damascene; and cleaning the work layer using a composition comprising (1) at least 
one of fluoride salts and hydrogendifluoride salts; (2) an organic solvent having a hetero atom or atoms; and (3) 
water. 

25 

[0010] The composition of the present invention is characterized by comprising (1) at least one of fluoride salts and 
hydrogendifluoride salts; (2) an organk: solvent having a hetero atom or atoms; and (3) water and can be used in 
cleaning a metal gate, a contact hole, a via hole, a capacitor or the like in the course of producing a semiconductor. 
This cleaning composition can be also used for removing a polymer remaining on a side wall of a contact hole, a via 
30 hole, a capacitor, a metal gate, a metal wiring and the like, for removing a resist residue after Ion implantation, for 
removing a polymer remaining after dry etching in a single damascene or dual damascene process, or for cleaning 
after CMP in a single damascene or dual damascene process. 

(1 ) Afluoride salt and a hydrogendifluoride salt to be added to the cleaning composition of the invention is preferably 
35 at least one of them prepared from hydrofluoric acid and at least one member selected from the group consisting 
of ammonia, hydroxylamines. aliphatic amines, aromatic amines, and aliphatic or aromatic quaternary ammonium 
salts. 

[0011] Examples of the hydroxylamine for use in forming salts with hydrofluoric acid are hydroxylamine, N-methlhy- 
40 droxylamine, N,N-dimethylhydroxylamine. N*ethyihydroxylamine, N,N-diethylhydroxylamine, N-propylhydroxylamine, 
N-phenylhydroxylamine and like hydroxylamines mono- or di-substituted with straight-chain or branched-chain alkyi 
of 1 to 4 carbon atoms or a phenyl group. 

[0012] Examples of the aliphatic amine are methylamine, ethylamine, propylamine, isopropylamine, butylamine, hex- 
ylamine, octylamine, dimethylamine, diethylamine, dipropylamine. diisopropylamine, dibutylamine, trimethylamine, tri- 

45 ethylamine, tripropylamine, triisopropylamine, tributylamine and like aliphatic amines mono-, di- or tri-substituted with 
straight-chain or branched-chain alkyI group of 1 to 8 carbon atoms; monofluoromethylamine, difluoromethytamine, 
trifluoromethylamine, perfluoroethylamine, perfluoropropylamine, perfluoroisopropylamine, perfluorobutylamine, per- 
fluorohexylamine. perfluorooctylamine, di(perfluoromethyl)amine, di(perfluoroethyl)amine, di(perfluoropropyl)amine. 
di(perfluoroisopropyl)amine, di(perfluorobutyl)amine, tri(perfluoromethyl)amine, tri(perfluoroethyl)amine, tri(perfluoro- 

so propyl) amine, tri(perfluoroisopropyl)amine, tri(perfluorobutyl)amine and like aliphatic amines mono-, di- or tri-substi- 
tuted with straight-chain or branched chain C^.q atkyl group containing at least one fluorine atom; monoethanolamine, 
ethylenediamlne, 2-(2-aminoethylamino)ethanol, diethanolamine, 2-ethylaminoethanol, dimethylaminoethanol, ethyl- 
diethanolamine, cyclohexylamine, dicyclohexylamine, etc. 

[0013] Examples of the aromatic amine are aniline, N-methylaniline, N.N-dimethylaniline, benzylamine^ diben- 
55 zylamine, N-methylbenzylamlne, etc. 

[0014] Examples of the aliphatic or aromatic quaternary ammonium salt are tetramethylammonium, tetraethylam- 
monlum, tetrapropylammonium, tetraisopropylammonium, tetrabutylammonium, trimethyl(2-hydroxyethyl)ammonlum, 
tetraphenylammonium and like aliphatic or aromatic quaternary ammonium hydrochlorides, hydrobromides, sulfates, 
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nitrates and like mineral acid salts. 

[0015] The hydrofluoride to be used in the invention is a 1 : 1 salt of hydrofluoric acid (HF) with ammonia, hydroxy- 
lamines, aliphatic amines or aromatic amines, or Is hydrofluoride salt of aliphatic or aromatic quaternary ammonium. 
Preferred hydrofluorides Include a fluoride salt represented by NR'^F (wherein R's are the same or different and each 

5 is a hydrocarbon group which may be substituted with a fluorine atom or atoms; or a hydrogen atom) . Specific preferred 
examples of the fluoride salt represented by NR'4F include a fluoride salt represented by NR4F (wherein Rs are the 
same or different and each is a straight-chain or branched-chain alkyi group having 1 to 12 carbon atoms, preferably 
1 to 4 carbon atoms which may be substituted with a fluorine atom or atoms; a phenyl group which may be substituted 
with a fluorine atom or atoms; or a hydrogen atom). 

10 [0016] The hydrogendifluoride salt to be used in the invention is a 1 : 2 salt of hydrofluoric acid (HF) with ammonia, 
hydroxylamine, aliphatic amine or aromatic amine, or is hydrofluoric acid salt of aliphatic or aromatic quaternary am- 
monium. Preferred hydrofluoride salts include a hydrogendifluoride salt represented by NR'4HF2 (wherein R's are the 
same or different and each is a hydrocarbon group which may be substituted with a fluorine atom or atoms; or a 
hydrogen atom). Preferred examples of the hydrogendifluoride salt represented by NR'4HF2 include a hydrogendiflu- 

15 oridesalt represented by NR4HF2 (wherein Rs are the same or different and each is a straight-chain or branched-chaIn 
alkyI group having 1 to 1 2 carbon atoms; preferably 1 to 4 carbon atoms which may be substituted with a fluorine atom 
or atoms; a phenyl group which may be substituted with a fluorine atom or atoms; or a hydrogen atom), and ammonium 
hydrogenfluoride is more preferable. 

[0017] A hydrogendifluoride salt (such as ammonium hydrogendifluoride) to be added to the composition of the 
20 invention may be in the form of crystals or an aqueous solution of hydrogendifluoride salt (such as ammonium hydro- 
gendifluoride). Alternatively, a stoichiometric amount of a fluoride salt (such as ammonium fluoride) and HF may be 
added to the composition to forni a hydrogendifluoride salt (such as ammonium hydrogendifluoride). 
[001 8] The ammonium fluoride to be added to the composition of the invention may be in the f omn of crystals or an 
aqueous solution. 

25 [0019] Examples of (2) the organic solvent having a hetero atom or atoms to be added to the composition of the 
invention are N.N-dimethylfomiamide, N,N-dimethylacetamide, dimethylsulfoxide, N-methyl-2-pyrrolidone, 1,3-dime- 
thyl-2-imida2olidinone; methanol, ethanol, isopropyl alcohol (IRA), 1-propanol, 1-butanol, 2-butanol, t-butanol, 2-me- 
thyl-1-propanol. 1-pentanol, 1-hexanol, 1-heptanol, 4-heptanol, 1-octanol, 1-nonylalcohol, 1-decanol, 1-dodecanol and 
like alcohols; ethylene glycol, 1 ,2-propanediol, propylene glycol, 2,3-butanediol, glycerine and like polyols; acetone, 

30 acetylacetone, methyl ethyl ketone, 1 ,3-dihydroxyacetone and like ketones; acetonitrile, propionitrile. butyronitrile, iso- 
butyronitrile, benzonitrile and like nitriles; formaldehyde, acetaldehyde, propionaldehyde and like aldehydes; ethylene 
glycol monomethyl ether, ethylene glycol monoethyl ether, diethylene glycol monobutyl ether and like alkylene glycol 
monoalkyi ethers; tetrahydrofuran, dioxane and like cyclic ethers; trifluoroethanol, pentafluoropropanol, 
2,2,3,3-tetrafluoropropanol and like fluoroalcohols; sulfolane and nitromethane. More preferred are oxygen^ontaining 

35 organic solvents selected from alcohols and ketones. Prefen-ed examples of such solvents are methanol, ethanol, n- 
propanol, isopropanol (IPA) and like alcohols, and acetone, methyl ethyl ketone, 1 ,3-dihydroxyacetone and like ketones. 
These organic solvents having a hetero atom or atoms can be used either alone or in combination. 
[0020] When (2) the oxygen-containing organic solvent in the composition of the invention is at least one member 
selected from the group consisting of isopropyl alcohol, ethanol and methanol, preferably the concentration of water 

40 is 1 0% by mass or lower. When (2) the oxygen-containing organic solvent in the composition of the invention is aceto ne, 
the concentration of water is preferably 20 to 40% by mass. 

[0021] When containing an alcohol as the solvent, usually the composition of the invention comprises (1) 0.001 to 
1 % by mass of at least one of fluoride salts and hydrogendifluoride salts, (2) 89 to 99.989% by mass of an alcohol and 
(3) 0.01 to 10% by mass of water, or preferably (1) 0.006 to 0.1% by mass of at least one of fluoride salts and hydro- 
ps gendifluoride salts, (2) 89.99 to 99.985% by mass of an alcohol and (3) 0.01 to 1 0% by mass of water. 

[0022] More specifically, a preferred composition of the invention comprises (1 ) a fluoride salt represented by NR4F 
(wherein Rs are the same or different and each is a straight-chain or branched-chain alkyI group having 1 to 1 2 carbon 
atoms, preferably 1 to 4 carbon atoms which may be substituted with a fluorine atom or atoms, a phenyl group which 
may be substituted with a fluorine atom or atoms, or a hydrogen atom) in a concentration of 1% by mass or lower and/ 
50 or a hydrogendifluoride salt represented by NR4HF2 (wherein Rs are as defined above) in a concentration of 0.001 to 
1% by mass; (3) water in a concentration of 10% by mass or lower; and (2) at least one member selected from the 
group consisting of isopropyl alcohol, ethanol and methanol as the remainder. 

[0023] When containing a ketone as the solvent, usually the composition of the invention comprises (1 ) 0.001 to 1 % 
by mass of at least one of fluoride salts and hydrogendifluoride salts, (2) 59 to 79.999% by mass of a ketone and (3) 
55 20 to 40% by mass of water, or preferably (1) 0.005 to 0.1% by mass of at least one of fluoride salts and hydrogendi- 
fluoride salts, (2) 59.9 to 79.995% by mass of a ketone and (3) 20 to 40% by mass of water. 
[0024] More specifically, a preferred composition of the invention comprises (1 ) a fluoride salt represented by NR4F 
(wherein Rs are the same or different and each is a straight-chain or branched-chain alkyI group having 1 to 1 2 carbon 
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atoms preferably 1 to 4 carbon atoms which may be substituted with a fluorine atom or atoms, a phenyl group which 

may be substituted with a fluorine atom or atoms, or a hydrogen atom) in a concentration of 1% by mass or lower and/ 

ora hydrogendifluoride salt represented by NR4HF2 (wherein Rs are as defined above) in a concentration of 0.001 to 

1 % by mass; (3) water in a concentration of 20 to 40% by mass; and (2) acetone as the remainder. 

[00251 The composition of the invention may further comprise (4) a surfactant. Useful surfactants are at least one of 

anionic, cationic and nonionic surfactants. Among them, an anionic surfactant is preferred. 

r00261 Preferred anionic surfactants include those of carboxylic acid type, sulfonic acid type or sulfuric ester type 

wherein a hydrophilic group is -COOI^^, -SO3M, or -OSO3M (wherein M is a hydrogen atonr, ammonium or a metal 

atom) respectively. Useful salts are salts of alkali metals (such as sodium, potassium or the like) and ke metel salts 

ammonium salts, primary, secondary or tertiary amine salts and the like. Metal atoms may be monovalent or divalent. 

Among them, anionic surfactants of sulfonic acid type are preferred. 

r00271 Useful surfactants of cariDoxylic acid type include, for example, CF3(CF2)aCOOH, {Cf-3)2^\-(^\-2h^^^n, 
HCF jcF,),COOH. CF3(CF2),(CH2)bCOOH. CF3(CF2),CF=CH(CH2)bCOOH, C1 (CFaCFCDpCF^COOH {wherein a is 
an integer of 2 to 17, b is an friteglr of 1 or 2, and p is an integer of 1 to 9}. and their alkali metal salts, ammonium 
salts, primary amine salts, secondary amine salts, tertiary amine salts, etc. 

[0028] Speciffc examples are CF3(CF2)aCOONa, (CF3)2CF(CF2)aCOONa, HCF2(CF2)aCOONa. CF3(CF2)a 

(CH2),C00Na, CF3(CF2)aCF=CH(CH2),COONa. CI (CF2CFCl)pCF2COONa, etc. 

[00291 Useful surfactants of sulfonic acid type include, for example, C^^zc^^ SO3H, CcH2c.,i0(CH2CH2O)d5O3H ana 
C.H,,,rPh-S03H {wherein ph is a phenylene group, c is an integer of 5 to 20 and d is an integer of 0 to 20 : C H C H 
(S0rH)0ph(S03H) {wherein ph is a phenylene group, n is an integer of 1 to 30 and m is an integer of 3 to 61 ) CnH^Oph 
(SO3H) {wherein ph is a phenylene group, n is an integer of 1 to 30 and m is an integer of 3 to 61); and their metal 
salts, ammonium salts, primary amine salts, secondary amine salts, tertiary amine salts, etc. 

[0030] Specific examples are Ci2H250{CH2CH20)2S03Na. C9Hi9phO(CH2CH20)4S03Na, C12H25O 
CH2CH20),S03Na, C6F,,phS03Na. C3F,90phS03Na. R"XH=CH(CH2)jSO Na {wlierein R .^^ 

, is an integer of 0 lo 30. m is an integer of 1 to 61 . k is an integer of 1 to 60. and I is an integer of 1 to 60). Ci2H250S03Na. 

C„H,,phC6H,(S03H)0ph(S03H). etc. . ^ u ^ u u 

100311 It IS preferable to use. among the anionic surfactants given above, a compound prepresented by CnHmCeHa 
SO,H)0ph(S03H) {wherein ph is a phenylene group, n is an integer of 1 to 30 and m is an integer of 3 to 61} and a 

compound represented by C„H„ph(S03H){whereinph.nandmareas defined above}andtheirrnetal salts, ammonium 

salts, primary amine salts, secondary amine salts, tertiary amine salts, etc. , »k * „ 

[00321 in the fomiula given above, the group represented by CnH„ is a group which meets the requ'^ements that n 
is an integer of 1 to 30 and m is an integer of 3 to 61 , such as a straight-chain or branched chain aliphatic a'kyl group, 
an aliphatic alkenyl group having at least one double bond, an alicyclic alkyi group which may have a branched chain, 
an alicycllcalkenyl group which may have a branched chain, an aromatic alkyi group and the like. 

[0033] Preferred nonionic surfactants are surfactants of polyethylene glycol type wherein a hydrophilic group is one 

-R7Ch!ch!o1' R" or -R'0(CHoCH20)„R" {wherein R" is a hydrogen atom or an alkyi group having 1 to 10 cartjoii 
atoms R' is a hydrocarbon group having 1 to 20 carbon atoms in which a hydrogen atom or atoms may be substituted 
with a fluorine atom or atoms, and q is an integer of 0 to 30). Specific ex^niPles are as follows^ 
[0034] CoF„O(CH2CH2O),CH3(q=0 to 30). C9Hi9ph(CH2CH20)ioH. Ci2H250(CH2CH20)9H. C^H.^phO 
!cH2CH20),oH, C9H',phO(SH2CH20)5H. C8H,7PhO(CH2CH20)3H, C8H„ph(CH2CH20),oH {wherein ph « a phe- 

raMSl ^ Examples of the cationic surfactants include primary amine represented by R-'NHg, secondary amine repre- 
sented by R-,NH. tertiary amine represented by R-3N. and tetraamine represented by [R'^NIM' (wherein R s are the 
same or different and each represents a straight chain or branched- chain alkyi group of 1 to 30 carbon atoms w^^^ 
may be substituted with a fluorine atom or atoms ora OH group or groups, or a phenyl group which may be substituted 
with a fluorine atom or atoms or a OH.group or groups, or a hydrogen atom, and M' is a monovalent anion (e.g. Cl-). 
Specific examples of the compound are: 

CH3(CH2)nNH2, (CH3(CH2)n)2NH. (CH3(CH2)n)3N, {CH3(CH2)„)4NC1, CH3(CH2)nN((CH2)„OH)2. CF3(CF2)nNH2. 
(CF3{CF2U2NH. (CF3(CF2) J3N. (CF3(CF2)„)4NCI. CF3(CF2)„N((CH2)„OH)2, C.H.m^, and (CH3)2(CH2)nl^H2. 
(wherein n is an integer of 1 to 30). 

r00361 The content of the surfactant is not limited insofar as the contemplated effect of the Invention can be achieved 
Usually It is about 0.0001 to about 10% by mass, preferably about 0.001 to about 5% by mass, more preferably about 

0.01 to about 1 % by mass. 

[00371 When an anionic surfactant is used, the content is preferably 0.001 to 10/0 by mass. 

[0038] When the corrposition of the invention contains an anionte surfactant, the content of water is preferably 60 /o 
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by mass or lower. 

[0039] When the composition of the invention contains an anionic surfactant, usually the composition of the invention 
comprises (1) 0.001 to 1% by mass of at least one of fluoride salts and hydrogendifluoride salts, (2) 29 to 99.988% by 
mass of an organic solvent having a hetero atom or atoms, (3) 0.01 to 60% by mass of water, and (4) 0.001 to 1 0% 
5 by mass of an anionic surfactant, or preferably (1 ) 0.005 to 1 % by mass of at least one of fluoride salts and hydrogen- 
difluoride salts, (2) 58.0 to 99.975% by mass of an organic solvent having a hetro atom or atoms, (3) 0.01 to 40% by 
mass of water and (4) 0.01 to 1% by mass of an anionic surfactant. 

[0040] More specifically, a prefen-ed polymer-removing composition of the Invention comprises (1) a fluoride salt 
represented by NR4F (wherein Rs are the same or different and each is a straight-chain or branched-chain alkyi group 

10 having 1 to 12 carbon atoms, preferably 1 to 4 carbon atoms which may be substituted with a fluorine atom or atoms, 
a phenyl group which may be substituted with a fluorine atom or atoms, or a hydrogen atom) in a concentration of 1% 
by mass or lower and/or a hydrogendifluoride salt represented by NR4HF2 (wherein Rs are as defined above) in a 
concentration of 0.001 to 1% by mass; (3) water in a concentration of 60% by mass or lower; (4) an anionic surfactant 
in a concentration of 0.001 to 10% by mass; and (2) at least one member selected from the group consisting of isopropyl 

15 alcohol, ethanol and methanol as the remainder. 

[0041] The composition of the invention may further comprise (5) a corrosion inhibitor. Examples of the corrosion 
inhibitor are catechol, pyrogallol, oxine and like aromatic hydroxy compounds, benzotriazole, tolyltriazole and like tri- 
azole compounds and derivatives thereof, phthalic acid, salicylic acid, azelaic acid and like carboxyl-containing organic 
compounds, ethylenediaminetetraacetic acid and like aminopolycarboxylic acids, 1,2-propaneaminetetramethyl- 

20 enephosphonic acid, and like phosphonic acids, cupferron and like chelating agents, pyridine derivatives, sodium 
2-mercaptobenzothiazole and like thiazole compounds, tetramethylammonium formate and like tatraammonium salts, 
sorbitol, arabitol, amylose, and like saccharides and derivatives thereof. The content of the corrosion inhibitor is not 
limited insofar as the intended effect of the invention is achieved. It is about 0.01 to about 30% by mass, preferably 
about 0.5 to about 1 0% by mass. 

25 [0042] The composition of the invention comprising (1 ) at least one of fluoride salts and hydrogendifluoride salts; (2) 
an organic solvent having a hetero atom or atoms; and (3) water has a THOX or BPSG etch rate at 25*^0 of 1 00 A/min 
or lower, preferably 80 A/min or lower, more preferably 60 A/min or lower, still more preferably 50 A/min or lower. 
[0043] The composition of the invention shows a low property of con-oding metals and a substrate of Al, Al-Cu, Cu, 
W, Al-Si, Al-Si-Cu or the like which are likely to become corroded. Further the composition of the invention exhibits an 

30 excellent cleaning ability in treating, at a low temperature for a short time, a polymer derived from a resist, a native 
oxide and contaminants such as organic substances and particles produced in the process of producing a semicon- 
ductor. 

[0044] Consequently the composition of the invention can be used for cleaning at least one of metal gate, a contact 
hole, a via hole and a capacitor in the course of producing semiconductors even when a material for a gate electrode 

35 contains a metal. 

[0045] In the present invention, cleaning is performed on a substrate at an intermediate stage in the process of 
manufacturing semiconductors. For example, cleaning is carried out before embedding metal parts after forming a 
contact hole. 

[0046] Stated more specifically, the composition of the invention can be used in the process of manufacturing sem- 
40 iconductors, namely in the following steps. A resist pattem is formed on a work layer consisting of an electroconductive 
layer formed on an insulating layer over a substrate of silicon, i.e. a semiconductor substrate. Then the work layer is 
formed into specified pattem by dry-etching using the resist as a mask. Thereafterthe obtained semiconductor substrate 
is cleaned with the composition. In these steps, for example, a metal gate and a metal wiring are formed on the sem- 
iconductor substrate. 

45 [0047] Further the composition of the invention can be used in the process of manufacturing semiconductors, namely 
in the following steps. A resist pattern Is tornied on a work layer consisting of an Insulating layer fomned on electro- 
conductive layer over a substrate of silicon, i.e. a semiconductor substrate. Then the work layer is formed into specified 
pattern by dry-etching using the resist as a mask. Thereafterthe obtained semiconductor substrate is cleaned with the 
composition. In these steps, for example, a via hole and a contact hole are formed on the semiconductor substrate. 

so These steps correspond with dry etching step in a single damascene or dual damascene process. 

[0048] In cleaning a metal gate, a contact hole, a via hole and a capacitor with the cleaning composition of the 
invention, for example, an article to be treated (such as a semiconductor substrate having at least one of a metal gate, 
a contact hole, a via hole and a capacitor fonDed thereon) Is immersed In the composition and treated, for example, 
at about 15 to about 40^C, preferably approximately at room temperature for about 0.6 to about 30 minutes. The 

55 cleaning can be performed by bringing the cleaning composition into contact with the article to be treated. For example, 
the article to be treated can be cleaned by supplying the composition onto the article while rotating it. by continuously 
spraying the composition over the article, or by immersing the article in the composition. 

[0049] The semiconductor substrate cleaned with the composition of the invention can be processed into various 
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kinds of semiconductor devices by conventional nnethods (such as the method disclosed in Atlas of IC Technologies: 
An Introduction to VLSI Processes by W. Maly. 1987 by The Benjamin/Cummings Publishing Company Inc.). 
[0050] The composition of the invention shows a low property of corroding a metal and a substrate of Al, Al-Cu, Cu, 
W, Al-Si. Al-Si-Cu or the like which are likely to become corroded. Further the composition of the invention exhibits a 
high cleaning ability in treating, at a low temperature for a short time, a polymer derived from a resist or the like. 
Accordingly the cleaning composition of the invention can be used for removing a polymer for a resist remaining on a 
side wall of a via hole, a metal gate, a contact hole, a capacity or the like, namely can be used as a composition for 
removing such polymer. The present invention also includes such composition for removing a polymer. 
[0051] The polymer-removing composition of the invention can be used also for removing the polymer remaining 
after forming a metal gate, a contact hole, a via hole, a capacitor or a n-^ or p+ region or for removing the polymer 
remaining after dry etching in a sincle damascene or dual damascene process. 

[0052] The polymer can be removed with the composition of the invention by immersing an article to be treated (e. 
g.. a semiconductor substrate having fomned thereon at least one of via hole, metal gate, contact hole and capacitor) 
in the composition for treatment, e.g. at about 15 to about 40«C, preferably approximately at room temperature for 
about 0.5 to about 30 minutes. In this case, the polymer can be removed by bringing the composition into contact with 
the article to be treated. For example, the article may be cleaned by supplying the composition onto the article while 
rotating it, or by continuously spraying the composition over the article. 

[0053] Preferably the composition of the invention is used for removing a polymer remaining on a semiconductor 
subslrale having a fine pattern (e.g. a pattern having a gap of about 0.0001 to about 10 ^m). 

[0054] After a polymer has been removed from the semiconductor substrate with the composition of the invention, 
the semiconductor substrate can be processed into various kinds of semiconductor devices by conventional methods 
(e.g., the method disclosed in Atlas of IC Technologies: An Introduction to VLSI Processes by W. Maly. 1987 by The 
Benjamin/Cummings Publishing Company Inc.). 

[0055] The cleaning composition of the invention (especially polymer-removing composition) can be advantageously 
used for resists (including a negative type resist and a positive type resist) which can be developed using an aqueous 
solution of alkali. The foregoing resists include (i) a positive type resist comprising naphthoquinonediazlde compound 
and novolak resin; (ii) a positive type resist comprising a compound which generates an acid by exposure to light, a 
compound which decomposes due to an acid and which is thereby increased in the solubility in an aqueous solution 
of alkali, and an alkali-soluble resin; (iii) a positive type resist comprising a compound which generates an acid by 
exposure to light, and an alkali-soluble resin having a group which decomposes due to an acid and which is thereby 
increased in the solubility in an aqueous solution of alkali; and (iv) a negative type resist comprising a compound which 
generates an acid by exposure to light, a crosslinking agent and an alkali-soluble resin. However, theforegoing resists 
are not limited thereto. . . 

[0056] After etching, a polymer derived from the residual resist may be cleaned or removed with the composition of 

the invention after or without ashing. 

[0057] The cleaning composition and the polymer-removing composition according to the invention can be used in 
the course of producing liquid crystal panel devices as well as in the course of producing semiconductors. 
[0058] In the course of producing semiconductors, cleaning is required for removing an abrasive material from the 
surface of the substrate after CMP in a single damascene or dual damascene process. Using the cleaning composition 
of the invention, the abrasive material remaining on the surface of the substrate can be removed with a brush or the 
like after CMP Accordingly the cleaning composition of the invention can be used for cleaning the surface of the 
substrate after CMP in the course of producing semiconductors. 

[0059] The article to be treated is cleaned with the composition of the invention after CMP, for example, by immersing 
the article In the composition at about 15 to about 40°C, preferably approximately at room temperature for about 0.1 
to about 30 minutes or by allowing the composition to flow over the article at about 15 to about 40"C, preferably 
approximately at room temperature for about 1 second to about 1 0 minutes. Although a brush need not be used In the 
cleaning step, the slurry can be removed with higher efficiency by use of a brush. Thus, the use of a brush is preferable. 
The article may be cleaned after CMP by its immersion in the composition for ultrasonic cleaning (megasonic cleaning). 
[0060] The foregoing cleaning can be perfomned after CMP on a work layer consisting of an electroconductive layer 
and an insulating layer coexisting on one surface of a semiconductor substrate or a work layer consisting of an elec- 
troconductive layer thereon, for example, after CMP in single damascene process or dual damascene process for 
fomning a plug or wiring. 

[0061 ] The damascene process may be also carried out, for example, in the course of producing liquid crystal panel 
devices. The composition of the invention can be used in cleaning the article after CMP in a single damascene process 
or dual damascene process during the manufacture of such elements. 

[0062] This invention includes a method of producing a semiconductor device, comprising the steps of: fomning a 
work layer consisting an electroconductive layer and an insulating layer coexisting on one surface of a semiconductor 
substrate by a single damascene or dual damascene; and cleaning the work layer using the cleaning composition of 
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the Invention. 

[0063] The semiconductor substrate cleaned with the cleaning composition of the invention after CM P can be proc- 
essed into various l<inds of semiconductor devices by conventional methods (such as the method disclosed in Atlas 
of IC Technologies: An Introduction to VLSI Processes by W. Maly, 1 987 by The Benjamin/Cummings Publishing Com- 
5 pany Inc.). 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0064] The present invention will be described in more detail with reference to the following examples to which, 
10 however, the invention is not limited. 

[0065] The etch rate of each oxide film was detemnined by measuring the thickness of the films before and after 
etching with an Auto EL-III ellipsometer manufactured by Rudolf Research. The etch rates of the following compositions 
were calculated as the difference in thickness of a film before and after being etched at 25**C divided by etch time. 

15 Examples 1 to 8 and Comparative Examples 1 to 5 

[0066] The compositions having the fomriulations shown below were prepared by the conventional method. 

Example 1 : NH4-HF2 (0.01 wt%), water (0.3 wt%) and IPA as the remainder; 
20 Example 2: NH4.HF2 (0.085 wt%), water (0.3 wt%) and IPA as the remainder; 

Example 3: NH4-HF2 (0.01 wt%), NH4F (0.065 wt%), water (7.5 wt%) and IPA as the remainder; 

Example 4: (CH3)4N-HF2 (0.3 wt%), water (7.5 wt%) and IPA as the remainder; 

Example 5: C8Hi7NH3-HF2(0.5 wt%), water (7.5 wt%) and IPA as the remainder; 

Example 6: NH4.HF2 (0.086 wt%), NH4F (0,11 wt%), water (7.5 wt%) and MeOH as the remainder; 
25 Example 7: NH4-HF2 (0.085 wt%), NH4F (0.1 1 wt%), water (7.5 wt%) and EtOH as the remainder; 

Example 8: NH4.HF2 (0.04 wt%), NH4F (0.10 wt%), water (3.5 wt%) and acetone as the remainder; 

Comparative Example 1 : HF (5 wt%), water (5 wt%) and acetone as the remainder; 

Comparative Example 2: HF (5 wt%), water (5 wt%) and IPA as the remainder; 

Comparative Example 3: Aqueous ammonia (0.29 wt%); 
30 Comparative Example 4: Fluoric acid (0.5 wt%); 

Comparative Example 5: HF (0.125 wt%), NH4F (40 wt%), and water as the remainder. 

Test Example 1 : Metal Corrosion Test I (without a surfactant) 

35 [0067] A Cu test piece, an Al wafer, and a W wafer (each 3 cm X 3 cm) were separately immersed In 220 g of the 
composition at 22°C for 10 minutes. Then, the concentrations of Cu, Al and W dissolved out in the composition were 
measured with ICP-MS and an etch rate was calculated. The results are shown in Table 1 . 



Table 1 



Composition 


Al(A/min) 


Cu(A/min) 


W(A/min) 


Example 1 


0.1 or lower 


0.1 or lower 


0.1 or lower 


Example 2 


0.1 or lower 


0.1 or lower 


0.1 or lower 


Example 3 


0.1 or lower 


0.1 or lower 


0.1 or lower 


Example 4 


0.1 or lower 


0.1 or lower 


0.1 or lower 


Example 5 


0.1 or lower 


0.1 or lower 


0.1 or lower 


Example 6 


0.1 or lower 


0.1 or lower 


0.1 or lower 


Example 7 


0.1 or lower 


0.1 or lower 


0.1 or lower 


Example 8 


0.1 or lower 


0.1 or lower 


0.1 or lower 


Comp.Ex.l 


3.0 


2.0 


0.21 


Comp.Ex.2 


7.1 


3.2 


0.14 


Comp.Ex.3 


110 


9.2 


0.33 


Comp.Ex.4 


330 


14 


0.98 



9 



EP 1 277 830 A1 



Test Example 2: Metal Corrosion Test II (without a surfactant) 

[0068] In the composition of Example 1 (NH4.HF2 (0.01 wt7o), water (0.3 wt%) and IPA as the remainder), the con- 
centration of NH4-HF2 was maintained at 0.01 wt%, and the proportions of water and IPA were changed as shown in 
5 Table 2 (only the amount of water was shown and the remainder was IPA). Under the same conditions as in Test 
Example 1 , the concentrations of Cu, Al and W dissolved out In the composition were measured with ICP-MS, and an 
etch rate was calculated. The results are shown In Table 2. 



Table 2 



10 



15 



20 



Water cone. (wt%) 


AI(A/min) 


Cu(A/min) 


W(A/min) 


0.3 


0.1 or lower 


0.1 or lower 


0.1 or lower 


2.5 


0.1 or lower 


0.1 or lower 


0.1 or lower 


5 


0.1 or lower 


0.1 or lower 


0.1 or lower 


10 


0.1 or lower 


0.1 or lower 


0.1 or lower 


20 


0.1 or lower 


0.1 or lower 


0.35 


30 


5 


0.29 


2.3 


50 


30 


0.59 


3.2 


70 


43 


2.8 


5.4 



Test Example 3: Metal Corrosion Test III (without a surfactant) 

25 

[0069] In the composition containing acetone as asolvent (NH^-HFg (0.04 wt%), water and acetone as the remainder), 
the concentration of NH4-HF2 was maintained at 0.04 wt%, and the proportions of water and IPA were. changed as 
shown in Table 3 (only the amount of water was shown and the remainder was IPA). Under the same conditions as in 
Test Example 1. the concentrations of Cu, Al and W dissolved out in the composition were measured with ICP-MS, 
30 and an etch rate was calculated. The results are shown In Table 3. 

Table 3 



35 



40 



Water conc.(wt%) 


AI(A/min) 


Cu(A/min) 


W(A/min) 


0.01 


4.3 


1.0 


0.1 or lower 


10 


2.5 


0.31 


0.1 or lower 


20 


1.2 


0.36 


0.1 or lower 


30 


1.1 


0.1 or lower 


0.1 or lower 


40 


1.1 


0.1 or lower 


0.1 or lower 


50 


50 


0.40 


0.39 


60 


47 


1.0 


0.24 


70 


46 


2.9 


0.21 


80 


44 


6.5 


0.31 


90 


44 


9.6 


0.30 


100 


46 


8.9 


0.47 



Test Example 4: Metal Corrosion Test IV (without a surfactant) 

[0070] Using the compositions of Example 1 and Comparative Example 5, a corrosion test was conducted in the 
same manner as in Test Example 1 using TIN wafer, CoSi wafer, W wafer and TiSi wafer (each 3 cm X 3 cm). The 
results are shown in Table 4. 
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Table 4 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



Composition 


TiN 

(A/min) 


CoSi 
(A/min) 


W 
(A/min) 


TtSI (A/min) 


Example 1 


0.001 


0.001 or lower 


0.001 or lower 


0.001 or lower 


Comp.Ex.5 


0.01 


0,049 


0.014 


0.085 



[00711 It is apparent from the results of Test Examples 1 to 4 that the compositions of this invention have a low 
capability of corroding a metal, can be used. as a cleaning composition for a metal gate, a contact hole, a via hole, a 
capacitor or the like and can be preferably used as a polymer-removing composition or as a cleaning composition to 

be employed after CMP. ... _ 

r00721 For use as a cleaning composition for cleaning a contact hole or the like or as a polymer-removing composrtion 
the composition needs to have, e.g., a property of cleaning a polymer derived from a resist remaining on a side wall 
of contact hole. Consequently Test Examples 5 and 6 were can-led out to investigate whether the composition has this 
property. 

Test Example 5: Polymer-Cleaning Ability Test I (without a surfactant) 

r00731 A resist pattern was formed in the conventional manner, the pattern comprising a positive type Photo-resist 
of naphthoquinone/novolak resin on a silicon wafer having an Al wiring layer (comprising three layers, i.e Ti^iN layer- 
Al laver-miN layer) deposited thereon. The silicon wafer having the resist pattern was subjected to diy-etching of 
metal according to the conventional method. Then, the remaining resist was removed by ashing with an oxygen gas^ 
r00741 The obtained silicon wafer having metal wiring on the surface was immersed in each of the compositions of 
Examples 1 to 8 and Comparative Examples 1 to 4 at 25-C for 10 minutes for removal of the polymer. The wafer thus 
treated was rinsed with pure water. The results of cleaning the ashing residue on the silicon wafer (polymenc deposits), 
and the occurrence or non-occurrence of corrosion of wiring metal were evaluated by SEM (scanning electron micro- 
scope) photographic observation. The results of cleaning the polymeric deposits were rated as good or as incom-- 
plete" (2 level rating). The occurrence or non-occurrence of corrosion of wiring metal was rated as "corroded or none 
(2-level rating). The results are shown in Table 5. 



55 



Table 5 



Composition 


Results of cleaning deposits 


Occurrence or non-occurrence of wiring metal 


Example 1 


Good 


None 


Example 2 


Good 


None 


Example 3 


Good 


None 


Example 4 


Good 


None 


Example 5 


Good 


None 


Example 6 


Good 


None 


Example 7 


Good 


None 


Example 8 


Good 


None 


Comp. Example 1 


Good 


Corroded 


Comp. Example 2 


Good 


Con'oded 


Comp. Example 3 


Good 


Con-oded 


Comp. Example 4 


Good 


Con-oded 



[00751 In Test Example 6, Al wiring was formed before the test. If the Al wiring can be cleaned, the composition can 
be used for cleaning a polymer of other metal materials. 

Test Example 6: Polymer-Cleaning Ability Test II (without a surfactant) 

[0076] A resist pattern was formed in the conventional manner, the pattern comprising a positive type photo-resist 
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of naphthoquinone/novolak resin on a silicon wafer having an interlayer dielectric on its surface and an Al wiring layer 
(comprising three layers, i.e.. TVTIN layer-AI layer-WTiN layer) underthe interlayer dielectric. The silicon wafer having 
the resist pattern was subjected to dry-etching of oxide film according to the conventional method to form a via hole. 
Then the remaining resist was removed by ashing with an oxygen gas. 

[00771 The obtained silicon wafer having the via hole was immersed in each of the compositions of Examples 1 to 
8 and Comparative Examples 1 to 4 at 25''C for 1 0 minutes for removal of the polymer deposits. The wafer thus treated 
was rinsed with pure water. The results of cleaning the ashing residue on the silicon wafer (polymenc deposits) and 
the occurrence or non-occurrence of corrosion of wiring metal were evaluated by SEM (scanning electron microscope) 
photographic observation. The results of cleaning the polymeric deposits were rated as "good" or as '^inconripleteH 
(2-level rating). The occurrence or non-occurrence of corrosion of wiring metal was rated as "corroded or none 
(2-level rating). The results are shown in Table 6. 



Table 6 



Composition 


Results of cleaning deposits 


Occurrence or non-occurrence of corrosion of wiring metal 


Example 1 


Good 


None 


Example 2 


Good 


None 


Example 3 


Good 


None 


Example 4 


Good 


None 


Example 5 


Good 


None 


Example 6 


Good 


None 


Example 7 


Good 


None 


Example 8 


Good 


None 


Comp. Example 1 


Good 


Corroded 


Comp. Example 2 


Good 


Conceded 


Comp. Example 3 


Good 


Corroded 


Comp. Example 4 


Good 


Corroded 



[0078] In Test Example 6, a via hole was fornied before the test. If the deposits of via hole can be cleaned, the 
composition can be used for cleaning the deposits of contact hole. 

[0079] It is clear from the results of Test Examples 5 and 6 that the composition of the invention has a capability of 
cleaning the polymer (resist) and shows a property of scarcely corroding wiring metal. Thus it is evident that the com- 
position of the invention is suitable as a composition for cleaning a metal gate, a contact hole, a via hole, a capacitor 
and the like. It is also clear that the cleaning composition of the invention can be suitably used for removing a polymer 
remaining on a side wall of a metal gate, a contact hole, a via hole, a capacitor and the like. 

Test Example 7: Etch rate of insulating layer (without a surfactant) 

[0080] Using the compositions of Examples 1 to 8 and Comparative Examples 1 to 4, an etch rate of each film was 
detennined by etching at 25°C atest substrate having a thennal oxide film, a BPSG film or an NSG film formed on the 
surface of a silicon substrate. The results are shown in Table 7. The etch rate in the table Is shown as A/min. 

Table 7 



Composition 


Thermal oxide film 


BPSG film 


NSG film 


Example 1 


10 


10 


10 


Example 2 


20 


20 


20 


Example 3 


1.6 


15 


12 


Example 4 


2.0 


4.1 


3.5 


Example 5 


3.9 


8.6 


7.0 


Example 6 


1.3 


23 


11 
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Table 7 (continued) 



Composition 


Themaal oxide film 


BPSG film 


NSG film 


Example 7 


4.B 


35 


24 


Example 8 


0.5 


6 


16 


Comp.Ex.1 


3 


250 


O.D 


Comp.Ex.2 


6 


330 


11 


Comp.Ex.3 








Comp.Ex4 


30 


260 


45 



[0081] It is difficult to measure the etch rate of a native oxide because it is very thin. As clear from Test Example 7. 
an oxide film such as a thermal oxide film, BPSG film and NSG film which are thicker than a native oxide can be etched. 
Accordingly it is evident that a native oxide which is thinner than these films can be etched and can be removed 
(cleaned). It is apparent from Test Examples 1 to 7 that the composition of the invention shows a lower property of 
corroding metals than cleaning compositions conventionally used and can clean a native oxide, polymeric deposits 
and the like. Such composition can be suitably used as a composition for cleaning a metal gate, a contact hole, a via 
hole, a capacitor and the like. 

[0082] The results of Table 7 show that the composition of the invention can remove a polymer adhering to a thermal 
oxide film, BPSG film, NSG film and like films withoutslgnificantly deforming a viahole. It is apparent from Test Examples 
1 to 7 that the composition of the invention shows a lower property of corroding metals than polymer-removing com- 
positions conventionally used and can remove a polymer (deposit) without significantly defonning a via hole. Conse- 
quently such composition can be suitably used as a composition for removal of a polymer remaining on a side wall of 
a metal gate, a contact hole, a via hole, a capacitor, a metal wiring and the like and as a composition for removal of 
resist residue after Ion implantation or for removal of a polymer adhered by dry etching in a single damascene or dual 
damascene process. 

[0083] The slurry used in CMP may adhere to the surface of the article to be treated or may become partly lodged 

in an insulating layer to be treated when the layer is polished. In this situation, the slurry is usually lifted off by slightly 
etching the insulating layer and is scrubbed off with a brush. It is clear from Test Example 7 that the foregoing films 
can be etched with the cleaning composition of the invention. Thus the slurry can be removed (cleaned) when the 
composition of the invention is used as a cleaning composition after CMP. The composition of the invention exhibits a 
low property of con-oding a metal and can remove a slurry so that it is suitable for use as a cleaning composition after 
CMR 

[0084] Compositions containing an anionic surfactant were prepared and the following tests were carried out. 
Examples 9 to 28 and Comparative Examples 6 and 7 

[0085] Compositions having the following fomiulations were prepared by the conventional method. 

Example 9: Ci2H25C6H3(S03H)Oph(S03H) (0.15%), NH4F (0.22%), water (7.5%) and IPA as the remainder; - 
Example 10: C^2H25C6H3(S03H)Gph(S03H) (0.15%), NH4F (0.186%), water (15%) and IPA as the remainder; 
Example 11 : C^2H25C6H3(S03H)Oph(S03H) (0.15%), NH4F (0.185%), water (20%) and IPA as the remainder; 
Example 12: Ci2H25C6H3(S03H)Gph(S03H) (0.15%), NH4F (0.185%). water (25%) and IPA as the remainder; 
Example 13: Ci2H25C6H3(S03H)Oph(S03H) (0.15%), NH4F (0.185%), water (30%) and IPA as the remainder; 
Example 14: Ci2H25C6H3(S03H)Oph(S03H) (0.15%). NH4F (0.093%), water (7.5%) and IPA as the remainder; 
Example 15: Ci2H25C6H3(S03H)Oph(S03H) (0.15%), NH4F (0.093%), water (15%) and IPA as the remainder; 
Example 16: Ci2H25C6H3(S03H)Oph(S03H) (0.15%), NH4F (0.093%), water (20%) and IPA as the remainder; 
Example 17: C^2H25C6H3(S03H)Oph(S03H) (0.15%), NH4F (0.093%), water (25%) and IPA as the remainder; 
Example 18: Ci2H25C6H3(SO3H)Oph(SO3H)(0.15%), NH4F (0.093%), water (30%) and IPA as the remainder; 
Example 19: Ci2H25C6H3(SO3H)Oph(SO3H)(0.075%), NH4F (0.185%), water (7.5%) and IPA as the remainder; 
Example 20: Ci2H25C6H3(S03H)Oph(S03H) (0.075%), NH4F (0.185%). water (15%) and IPA as the remainder; 
Example 21 : Ci2H25C6H3(S03H)Oph(S03H) (0.075%), NH4F (0.1 85%), water (20%) and IPA as the remainder; 
Example 22: C^2H25C6H3(S03H)Oph(S03H) (0.075%), NH4F (0.1 85%), water (25%) and IPA as the remainder; 
Example 23: Ci2H25C6H3(S03H)Oph(S03H) (0.075%), NH4F (0,185%), water (30%) and IPA as the remainder; 
Example 24: C^2H25C6H3(S03H)Oph(S03H) (0.075%), NH4F (0.093%), water (7.5%) and IPA as the remainder; 
Example 25: Ci2H25C6H3(S03H)Oph(S03H) (0.075%), NH4F (0.093%), water (15%) and IPA as the remainder; 
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Example 26: Ci2H25C6H3(S03H)0ph(S03H) (0.075%), NH4F (0.093%). water (20%) and IPA as the remainder; 
Example 27: C^2H25C6H3(S03H)0ph(S03H) (0,075%), NH4F (0.093%). water (25%) and IPA as the remainder; 
Example 28: Ci2H25C6H3(S03H)Oph(S03H) (0.075%). NH4F (0.093%), water (30%) and IPA as the remainder; 
Comparative Example 6: C9Hi9phO(CH2CH20)^oH (0.15%), NH4HF2 (0.01%). NH4F (0.065%). water (7.5%) and 
5. IPA as the remainder; 

Comparative Example 7: NH4F (0.055%), water (10%) and IPA as the remainder; 

Test Example 8: Metal Corrosion Test V (with a surfactant) 

10 [0086] A Cu test piece, an Al wafer, and a W wafer (each 3 cm X 3 cm) were separately Immersed in 1 00 g of each 
of the compositions of Examples 9 to 28 and Comparative Examples 6 and 7 at 22°C for 30 minutes. Then, the con- 
centrations of Cu, Al and W dissolved out in the composition were measured with ICP-MS and an etch rate was cal- 
culated. The results are shown in Table 8. 



Table 8 



30 



Composition 


AI(A/min) 


Cu(A/min) 


W(A/min) 


Example 9 


0.1 or lower 


0.1 or lower 


0.1 or lower 


Example 10 


0.1 or lower 


0.1 or lower 


0.1 or lower 


Example 11 


0.1 or lower 


0.1 or lower 


0.1 or lower 


Example 12 


0.1 or lower 


0.1 or lower 


0.1 or lower 


Example 13 


0.1 or lower 


0.1 or lower 


0,1 or lower 


Example 14 


0.1 or lower 


0.1 or lower 


0.1 or lower 


Example 15 


0.1 or lower 


0.1 or lower 


0.1 or lower 


Example 16 


0.1 or lower 


0.1 or lower 


0.1 or lower 


Example 1 7 


0.1 or lower 


0.1 or lower 


0.1 or lower 


Example 18 


0.1 or lower 


0.1 or lower 


0.1 or lower 


Example 19 


0.1 or lower 


0.1 or lower 


0.1 or lower 


Example 20 


0.1 or lower 


0.1 or tower 


0.1 or lower 


Exanrple 21 


0.1 or lower 


0.1 or lower 


0.1 or lower 


Example 22 


0.1 or lower 


0.1 or lower 


0.1 or lower 


Example 23 


0.1 or lower 


0.1 or lower 


0.1 or lower 


Example 24 


0.1 or lower 


0.1 or lower 


0.1 or lower 


Example 25 


0.1 or lower 


0.1 or lower 


0.1 or lower 


Example 26 


0.1 or lower 


0.1 or lower 


0.1 or tower 


Example 27 


0.1 or lower 


0.1 or lower 


0.1 or lower 


Example 28 


0.1 or lower 


0.1 or lower 


0.1 or lower 



[0087] It is apparent from the results of Table 8 that the composition of the invention sh ows a low property of corroding 

metals. 

[0088] The results of Table 8 show that the composition of the invention has a low property of con-oding metals, can 
be used as a composition for cleaning a metal gate, a contact hole, a via hole, a capacitor and the like, and can be 
preferably used as a polymer-removing composition and as a cleaning composition to be employed after CMP. 
[0089] Such composition needs to have, in addition, a capability of removing a residual polymer (resist). Conse- 
quently Test Examples 9 and 10 were carried out to investigate whether the composition has this capability. 

Test Example 9: Polymer-Removing Ability Test I (with a surfactant) 

[0090] A resist pattern was fonned in the conventional manner, the pattern comprising a positive type photo-resist 
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of naphthoquinone/novolak resin on a silicon wafer having an A! wiring layer (comprising three layers, i.e., Ti/TiN layer- 
AI layer-Ti/TlN layer) deposited thereon. The silicon wafer having the resist pattern was subjected to dry-etching of 
metal according to the conventional method. Then, the remaining resist was removed by ashing with an oxygen gas. 
[0091] The obtained silicon wafer having metal wiring on the surface was immersed in each of the compositions of 

5 Examples 9 to 28 and Comparative Examples 6 and 7 at 25°C for 1 0 minutes for removal of the polymer. The wafer 
thus treated was rinsed with pure water. The results of removing the ashing residue on the silicon wafers (polymeric 
deposits) and the occurrence or non-occurrence of corrosion of wiring metal were evaluated by SEM (scanning electron 
microscope) photographic observation. The results of removing polymeric deposits were rated as "good" or as "incom- 
plete" (2-level rating). The occurrence or non-occurrence of corrosion of wiring metal was rated as "corroded" or "none" 

10 (2-level rating). The results are shown in Table 9. 



Table 9 



30 



Composition 


Results of removing deposits 


Occurrence or non-occun-ence of corrosion of wiring metal 


Example 9 


Good 


None 


Example 10 


Good 


None 


Example 11 


Good 


None 


Example 12 


Good 


None 


Example 13 


Good 


None 


Example 14 


Good 


None 


Example 15 


Good 


None 


Example 16 


Good 


None 


Example 17 


Good 


None 


Example 18 


Good 


None 


Example 19 


Good 


None 


Example 20 


Good 


None 


Example 21 


Good 


None 


Example 22 


Good 


None 


Example 23 


Good 


None 


Example 24 


Good 


None 


Example 25 


Good 


None 


Example 26 


Good 


None 


Example 27 


Good 


None 


Example 28 


Good 


None 


Comp.Ex. 1 


Incomplete 


None 


Comp.Ex. 2 


Incomplete 


None 



[0092] It is apparent from the results of Table 9 that the composition of the invention can remove the polymeric 
deposits on a wiring layer, and does not corrode the wiring metal. 



Test Example 1 0: Polymer-Removing Ability Test II (with a surfactant) 

[0093] A resist pattern was formed in the conventional manner, the pattern comprising a positive type photo-resist 
of naphthoquinone/novolak resin on a silicon wafer having on its surface an Interiayer dielectric on an Al wiring layer 
(comprising three layers, i.e., Ti/TIN layer-AI layer-Ti/TiN layer). The silicon wafer having the resist pattern was sub- 
jectod to dry-etching of oxide film according to the conventional method to form a via hole. Then, the remaining resist 
was removed by ashing with an oxygen gas. 

[0094] The obtained silicon wafer having the via hole was immersed in each of the compositions of Examples 9 to 
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28 and Comparative Examples 6 and 7 at 25*'C for 10 minutes for removal of the polymer deposits. The wafer thus 
treated was rinsed with pure water. The results of removing the ashing residue on the silicon wafers (polymeric deposits) 
and occurrence or non-occun-ence of corrosion of wiring metal were evaluated by SEM (scanning electron microscope) 
photographic observation. The results of removing the residue were rated as "good" or as "incomplete" (2-level rating). 
5 The occurrence or non-occurrence of corrosion of wiring metal was rated as "conceded" or "none" (2-level rating). The 
results are shown in Table 10. 



Table 10 



55 



Composition 


Results of removing deposits 


Occun-ence or non-occurrence of wiring metal 


Example 9 


Good 


None 


Example 10 


Good 


None 


Example 11 


Good 


None 


Example 12 


Good 


None 


Example 13 


Good 


None 


Example 14 


Good 


None 


Example 15 


Good 


None 


Example 1 6 


Good 


None 


Example 1 7 


Good 


None 


Example 1 8 


Good 


None 


Example 19 


Good 


None 


Example 20 


Good 


None 


Example 21 


Good 


None 


Example 22 


Good 


None 


Example 23 


Good 


None 


Example 24 


Good 


None 


Example 25 


Good 


None 


Example 26 


Good 


None 


Example 27 


Good 


None 


Example 28 


Good 


None 


Comp.Ex. 6 


Incomplete 


None 


Comp.Ex. 7 


Incomplete 


None 



[0095] It is apparent from the results of Table 10 that the composition of the invention can remove deposits on an 
interlayer dielectric or in a via hole. 

43 

Test Example 11 : Etch rate of Insulating film (with a surfactant) 



[0096] Since a via hole is fomned of an oxide film, the shape of the hole is widely changed by cleaning If an etch rate 
of the cleaning composition is high. The following test was carried out to Investigate the etch rate of oxide films using 
the polymer-removing composition of the invention. 

[0097] Using the compositions of Examples 9 to 28, an etch rate of each film was determined by etching at 25°C a 
test substrate comprising a silicon substrate having a thermal oxide film, BPSG film or NSG film fomned on its surface. 
The results are shown in Table 11 . The etch rate In the table Is shown as A/min. 
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Table 11 



Composition 


Themial oxide film 


BPSG film 


NSG film 


Example 9 


15 


29 


24 


Example 1 0 


5.4 


26 


20 


Example 11 


2.0 


23 


15 


Example 12 


1.2 


22 


12 


Example 13 


0.7 


17 


8.4 


Example 14 


3.5 


25 


14 


. Example 15 


3.1 


23 


13 


Example 16 


0.5 


20 


9.5 


Example 17 


0.3 


18 


8.4 


Example 1 8 


0.2 


15 


5.2 


Example 19 


5.3 


17 


17 


Example 20 


3.1 


15 


14 


Example 21 


0.7 


14 


10 


Example 22 


0.4 


13 


8.3 


Example 23 


0.2 


10 


5.8 


Example 24 


3.8 


10 


6.9 


Example 25 


1 .4 




C 7 
O.f 


Example 26 


0.5 


8.2 


4.3 


Example 27 


0.3 


7.8 


3.4 


Example 28 


0.2 


6.1 


2.4 



[0098] The results of Table 11 show that the composition of the invention can remove the polymer adhering to a 
thermal oxide film, BPSG film, NSG film or like films without significantly changing the shape of via hole. 
[0099] The results of Test Examples 8 to 11 show that the composition of the invention shows a lower property of 
corroding metals than the polymer-removing compositions conventionally used, and can remove a polymer (deposits) 
without significantly changing the shape of via hole. Consequently such composition can be suitably used as a com- 
posilion for removing a polymer adhering to a side wall of a metal gate, contact hole, via hole, capacitor, metal wiring 
and the lil<e, or as a composition for removing a resist residue after ion implantation or for removing an adhered polymer 
after dry etching in a single damascene or dual damascene process. The composition of the invention has a low property 
of corroding metals, can etch a native oxide, and can remove polymeric deposits so that it can be suitably used as a 
composition for cleaning a contact hole and the like. Further the composition of the invention can be used also for 
cleaning after CMP because of its properties of rarely corroding metals and its capability of etching a native oxide. 



Claims 

1. A cleaning composition comprising (1) at least one of fluoride salts and hydrogendifluoride salts; (2) an organic 
solvent having a hetero atom or atoms; and (3) water. 

2. The cleaning composition according to claim 1 , wherein at least one of fluoride salts and hydrogendifluoride salts 
is formed from hydrofluoric acid and at least one member selected from the group consisting of ammonia, hydrox- 
ylamines, aliphatic amines, aromatic amines and aliphatic or aromatic quaternary ammonium salts. 

3. The cleaning composition according to claim 1 . wherein (2) the organic solvent having a hetero atom or atoms is 
at least one member selected from the group consisting of N,N-dimethylfomriamide, N,N-dimethylacetamide, 
dimethylsulfoxide, N-methyl-2-pyrrolldone, 1 ,3-dimethyl-2-imldazolidinone; methanol, ethanol, isopropyl alcohol 
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(IPA) 1-propanol, 1-butanol, 2-butanol, t-butanol, 2-methyl-1-propanol, 1 -pentanol. 1-hexanol. 1-heptanol. 4-hep- 
tanol' 1-octanol. 1-nonylalcohol, 1-decanol. 1-dodecanol and like alcohols; ethylene glycol. 1.2-propanediol, pro- 
pylene glycol 2,3-butanediol, glycerin and like polyols; acetone, acetylacetone, methyl ethyl ketone and like ke- 
tones- acetonitrile, propionitrile. butyronitrile, Isobutyronitrile. benzonitrile and like nitrites; formaldehyde, acetal- 
dehyde propionaldehyde and like aldehydes; ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, 
diethyle'ne glycol monobutyl ether and like alkylene glycol monoalkyi ethers; tetrahydrofuran, dioxane and like 
cyclic ethers; trifluoroethanol, pentafluoropropanol, 2,2,3,3-tetrafluoropropanol and like fluoroalcohols; sulfolane 
and nitromethane. 

4 The cleaning composition according to claim 3. wherein (2) the organic solvent having a hetero atom or atoms is 
at least one oxygen-containing organic solvent selected from the group consisting of alcohols and ketones. 

5 The cleaning composition according to claim 4, wherein (2) the oxygen-containing organic solvent is at least one 
member selected from the group consisting of Isopropyl alcohol, ethanol and methanol, and the concentration of 
water is 1 0% by mass or lower. 

6. The cleaning composition according to claim 4, wherein (2) the oxygen-containing organic solvent is acetone and 
the concentration of water is 20 to 40% by mass. 

7 The cleaning composition according to claim 1 , which comprises (1) a fluoride salt represented by NR4F (wherein 
Rs are the same or different and each is a straight-chain or branched-chain alkyi group of 1 to 12 carbon atoms 
which may be substituted with a fluorine atom or atoms, a phenyl group which may be substituted with a fluorine 
atom or atoms, or a hydrogen atom) in a concentration of 1% by mass or lower and/or a hydrogendifluonde salt 
represented by NR4HF2 (wherein Rs are as defined above) in a concentration of 0.001 to 1% by mass; (3) water 
in a concentration of 10% by mass or lower; and (2) at least one member selected from the group consisting of 
isopropyl ateohol, ethanol and methanol as the remainder. 

8 The cleaning composition according to claim 1 . wherein a fluoride salt represented by NR4F (wherein Rs are the 
same or different and each is a straight-chain or branched-chain alkyI group of 1 to 12 carbon atoms which may 
be substituted with a fluorine atom or atoms, a phenyl group which may be substituted with a fluorine atom or 
atoms or a hydrogen atom) in a concentration of 1 % by mass or lower and/or a hydrogendifluoride salt represented 
by NR4HF2 (wherein R is as defined above) in a concentration of 0.001 to 1 % by mass; (3) water in a concentration 
of 20 to 40% by mass; and (2) acetone as the remainder. 

9 The cleaning composition according to claim 1 , which further comprises (4) at least one member selected from 
the group consisting of an anionic surfactant, a cationic surfacatant, a nonionic surfactant and an amphotenc 
surfactant. 

10. The cleaning composition according to claim 9, wherein (4) the surfactant is an anionk: surfactant. 

1 1 . The cleaning composition according to claim 1 0, wherein (4) the anionic surfactant has a sulfonk: acid group. 

1 2 The cleaning composition according to claim 1 1 , wherein (4) the anionic surfactant is at least one member selected 
" from the group consisting of a compound represented by C„H„C6H3(S03H)OPh(S03H) (wherein ph is aphenylene 

group, n is an integer of 1 to 30 and m is an integer of 3 to 61) and a metal salt, an ammonium salt, a pnmaty 
amine salt, a secondary amine salt and a tertiary amine salt of the compound. 

13 The cleaning composition according to claim 1 1 , wherein (4) the anionic surfactant is at least one member selected 
from the group consisting of a compound represented by CnH„ph(S03H) (wherein ph is a phenyiene group, n is 
an integer of 1 to 30 and m is an integer of 3 to 61) and a metal salt, an ammonium salt, a primary amine salt, a 
secondary amine salt and a tertiary amine salt of the compound. 

14. The cleaning composition according to claim 1 0, wherein the content of (4) the anionkj surfactant is 0.001 to 1 0% 
by mass. 

15 The cleaning composition according to claim 10, which comprises (1) a fluoride salt represented by NR4F (wherein 
Rs are the same or different and each is a straight-chain or branched-chain alkyI group of 1 to 1 2 carbon atoms 
which may be substituted with a fluorine atom or atoms, a phenyl group which may be substituted with a fluonne 
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atom or atoms, or a hydrogen atom) In a concentration of 1% by mass or lower and/or a hydrogendlfluorlde salt 
represented by NR4HF2 (wherein Rs are as defined above) in a concentration of 0.001 to 1% by mass; (3) water 
in a concentration of 60% by mass or lower; (4) an anionic surfactant in a concentration of 0.001 to 10% by mass 
and (2) at least one member selected from the group consisting of isopropyl alcohol, ethanol and methanol as the 
5 remainder. 

16. The cleaning composition according to claim 1 , which is characterized by use for cleaning at least one of a metal 
gate, a contact hole, a via hole and a capacitor 

10 17. The cleaning composition according to claim 1 , which Is characterized by use for removing a residual polymer 
derived from a resist. 

18. The cleaning composition according to claim 1 , which is characterized by use for cleaning after CMP. 

15 19. A method of cleaning a semiconductor substrate having at least one of a metal gate, a contact hole, a via hole 
and a capacitor formed thereon using a composition comprising (1 ) at least one of fluoride salts and hydrogendl- 
fluorlde salts; (2) an organic solvent having a hetero atom or atoms; and (3) water. 

20. A method of removing a polymer derived from a resist remaining on an article after etching or after ion implantation 
20 using a composition comprising (1 ) at least one of fluoride salts and hydrogendif luoride salts; (2) an organic solvent 

having a hetero atom or atoms; and (3) water. 

21. A method of producing a semiconductor device, comprising the steps of: fomiing a resist pattern on a work layer 
consisting of an electroconductive layer on an Insulating layer over a semiconductor substrate composed of silicon; 

25 forming the work layer into a specified pattern by dry-etching using the resist as a mask; and cleaning the semi- 

conductor substrate using a composition comprising (1 ) at least one of fluoride salts and hydrogendlfluorlde salts; 
(2) an organic solvent having a hetero atom or atoms; and (3) water. 

A method of producing a semiconductor device, comprising the steps of: fonning a specified pattern of an elec- 
troconductive layer over a semiconductor substrate composed of silicon; fomiing an insulating layer on the elec- 
troconductive layer; forming a resist pattern on a work layer consisting of an insulating layer; fonning the work 
layer into a specified pattern by dry-etching using the resist as a mask; and cleaning the semiconductor substrate 
using a composition comprising (1 ) at least one of fluoride salts and hydrogendifluoride salts; (2) an organic solvent 
having a hetero atom or atoms; and (3) water. 

A method of cleaning a treated surface after CMP treatment in a single damascene or dual damascene process, 
using a composition comprising (1 ) at least one of fluoride salts and hydrogendifluoride salts; (2) an organic solvent 
having a hetero atom or atoms; and (3) water. 

40 24. A method of producing a semiconductor device, comprising the steps of: fonning a work layer comprising an elec- 
troconductive layer and an insulating layer coexisting on one surface of a semiconductor substrate by a single 
damascene or dual damascene; and cleaning the work layer using a composition comprising (1) at least one of 
fluoride salts and hydrogendifluoride salts; (2) an organic solvent having a hetero atom or atoms; and (3) water. 

45 
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